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Fertilization results in the tyrosine phosphorylation of several egg proteins within minutes of sperm±egg binding and
inhibitor studies have shown that tyrosine kinase activity is required for many aspects of egg activation. The present study
demonstrates the presence of p59c-fyn kinase in the sea urchin egg and examines the effect of fertilization on the activity
of this enzyme. Fertilization had little effect on Fyn kinase activity during the ®rst 2 min after insemination; however,
activity had increased approximately eightfold between 5 and 15 min postinsemination. This initial, rapid increase in
kinase activity was followed by a period of slightly elevated kinase activity, which was two- to threefold higher than that
in the unfertilized egg. Bindin, as well as various parthenogenic agents known to activate the calcium- and pH-mediated
pathways of egg activation, failed to elicit any change in enzyme activity, indicating that activation of the kinase required
sperm-induced egg activation. However, phorbol ester treatment did induce a slow increase in kinase activity within 30
to 60 min of administration. These ®ndings indicate that the p59fyn kinase is activated within minutes of fertilization and
may play a role in the egg activation process. q 1996 Academic Press, Inc.
INTRODUCTION 1995). The identity and role of the PTKs that function dur-
ing egg activation are of considerable interest. While the
egg receptor for sperm protein lacks a kinase domain, a c-Fertilization involves a cell±cell interaction between the
abl-related kinase has been identi®ed in sea urchin eggssperm and the egg which triggers an egg activation process
(Moore and Kinsey, 1994) and several studies have providedresponsible for incorporating the sperm nucleus, activating
evidence that one or more src family members are expressedthe egg metabolism, and releasing cell cycle arrest. Protein
in the eggs of lower vertebrates or invertebrates (Schartl andphosphorylation has been proposed as a regulatory mecha-
Barnekow, 1984; Steele et al., 1989; Kamel et al., 1986;nism that functions to activate various aspects of egg me-
Peaucellier et al., 1993).tabolism during the response to fertilization (Keller et al.,
In an attempt to identify which src family PTKs are ex-1980; Pelech et al., 1988; Heinecke and Shapiro, 1990). Pre-
pressed in the egg, this laboratory has screened a variety of
vious studies have demonstrated that fertilization results
antibodies speci®c for members of the src family PTKs for
in stimulation of several protein kinases including one or the ability to recognize PTK activities in the sea urchin egg.
more protein tyrosine kinases (PTKs) (Satoh and Garbers, The present study utilized antibodies speci®c for the c-fyn-
1985; Peaucellier et al., 1988). One result of PTK activation encoded kinase to identify this enzyme in the sea urchin
is an increase in the phosphotyrosine content of several egg egg. The activity of the p59c-fyn kinase was found to increase
proteins (Jiang et al., 1990; Ciapa and Epel, 1991) including approximately eightfold between 5 and 15 min postinsemi-
the sperm receptor protein (Abassi and Foltz, 1994). The nation, after which kinase activity was reduced to a level
importance of protein tyrosine kinase activity is shown by two- to threefold higher than that in the unfertilized egg.
the fact that inhibitors of PTK activity interrupt several Parthenogenic agents capable of activating various aspects
aspects of egg activation, including pronuclear movement of egg metabolism failed to mimic the effect of fertilization,
and fusion, DNA synthesis, and mitosis (Moore and Kinsey, indicating a requirement for the sperm in stimulating the
transduction pathway of which the p59c-fyn kinase is a part.
1 To whom correspondence should be addressed at Department MATERIALS AND METHODS
of Anatomy and Cell Biology, University of Kansas Medical Center,
3902 Rainbow Boulevard, Kansas City, KS 66160. Fax: (913) 588- Eggs and embryos. Eggs were collected from the sea urchin
Strongylocentrotus purpuratus and washed in acidi®ed sea water2710.
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(pH 5.5) to remove the jelly coat. They were then suspended in exogenous substrate and activity was calculated by subtracting
CPM without substrate from CPM with substrate. Control reac-arti®cial sea water buffered with 5 mM Taps2 at pH 8.3 (Taps-SW)
to a ®nal concentration of 1% (v/v). Prior to fertilization, aminotri- tions were also run using anti-peptide G1 antiserum instead of anti-
Fyn antiserum.azole (5 mM) was added to prevent hardening of the fertilization
envelope. Fertilization was induced by addition of suf®cient sperm Western blot analysis was performed with rabbit anti-FYN anti-
serum (Santa Cruz Biotechnology) at a dilution of 1:1000 into achieve 100% fertilization and the embryos were cultured with
stirring at 167C. Parthenogenic agents A23187 (Sigma) and PMA blocking buffer consisting of 100 mM NaCl, 10 mM Tris, 0.1%
Tween 20, and 5% Carnation nonfat dry milk (pH 7.6). Bound anti-(Sigma) were delivered as solutions in DMSO with a ®nal concen-
tration of DMSO less than 0.1%. Sodium-free sea water consisted body was localized with a goat anti-rabbit antibody conjugated to
horseradish peroxidase (Sigma) and detected by chemilumines-of 425 mM choline Cl, 29 mM MgSO4, 27 mM MgCl2, 10 mM KCl,
5 mM Taps, and 2.4 mM KHCO3, pH 8.3. Particulate bindin was cence (Amersham).
isolated from S. purpuratus sperm as described (Vacquier and Moy,
1977) and bindin-mediated agglutination of eggs was accomplished
by incubating a 0.5% v/v suspension of eggs in Taps-SW containing RESULTS
20 mg/ml particulate bindin with constant rotary shaking. Soluble
bindin prepared from particulate bindin (Lopez et al., 1993) was a
Detection of p59 fyn Kinase in Sea Urchin Eggsgenerous gift from Dr. K. Foltz.
Immunoprecipitation and kinase assays. Samples of eggs con- Site-directed anti-peptide or anti-fusion protein antibod-
taining 4±5 mg protein (50 ml packed cells) were washed in 0.5 M
ies generally provide the only means of differentiating be-NaCl, 1 mM EDTA, pH 7.5, and then homogenized in 1 ml of NP-
tween the various members of the src family protein tyro-40 lysis buffer (50 mM Tris, pH 7.4, 1% NP-40, 150 mM NaCl, 2
sine kinase proteins. We therefore tested two polyclonalmM EDTA, 1 mM Na3VO4, 5 mM NaF, and 10 mg/ml aprotinin
antibodies, which are directed against regions of sequence(US Biochemical)). After centrifugation at 70,000g for 15 min, the
unique to the p59c-fyn kinase (Kypta et al., 1988; Tsygankovdetergent soluble material was removed and incubated with anti-
sera. Sperm were prepared similarly except that the homogenate et al., 1992), for their ability to immunoprecipitate PTK
was incubated with 100 U/ml DNase I (U.S. Biochemical) at 257C activity from extracts of sea urchin eggs. The immunopre-
for 15 min prior to addition of the antisera. The antibodies used in cipitates were incubated in kinase buffer containing [g-32P]-
this study were a polyclonal anti-Fyn (Upstate Biotechnology Inc.) ATP under conditions which would allow autophosphoryla-
directed against residues 35±51 (TPQHYPSFGVTSIPNYN) of hu- tion of the p59c-fyn kinase and the products were analyzed
man c-fyn-encoded kinase, which are unique to the Fyn kinase
by SDS±PAGE and autoradiography. Figure 1 depicts an(Kypta et al., 1988), a polyclonal rabbit serum directed against resi-
autoradiograph of the autophosphorylation products immu-dues 29±48 of the human Fyn protein (Santa Cruz Biotechnology),
noprecipitated from the egg extracts. It is clear that the twoa polyclonal rabbit serum JF33 against a fusion protein encoding
anti-Fyn antibodies (Fig. 1, lanes B and C) both immunopre-residues 6±84 of murine c-fyn-encoded protein (Tsygankov et al.,
cipitated a 59-kDa phosphoprotein, which is consistent1992), or an anti-peptide (peptide G1KKHNKIVAVKTRLEE) anti-
body that does not recognize any proteins in the sea urchin egg, with the reported Mr expected for p59c-fyn (Tsygankov, 1992).
which was used as a control. After incubation with the antisera at The control antibody did not immunoprecipitate this activ-
a 1:200 dilution for 1 hr at 47C, the immune complexes were har- ity (Fig. 1, lane A). As an additional control, the anti-peptide
vested with protein A±Sepharose (Pharmacia), washed twice with antibody used in lane C was incubated with 1 mM of the free
lysis buffer, centrifuged through a pad of 40% sucrose, and washed peptide antigen (TPQHYPSFGVTSIPNYN) as a competitive
with kinase buffer. Autophosphorylation kinase reactions were per-
inhibitor. This peptide effectively prevented immunopre-formed in a kinase buffer containing 10 mM Tris, pH 7.2, 5 mM
cipitation of the kinase, indicating that the antibody wasMgCl2, 5 mM MnCl2, 10 mM Na3VO4, with 3.3 mM [g-32P]ATP
binding through interaction with this amino acid sequence.(50 mCi/mmol). Reactions were carried out at 257C for 10 min,
Finally, similar experiments done with antibodies against c-terminated by addition of SDS gel sample buffer, and the products
fgr, c-yes, or c-lck (not shown) failed to immunoprecipitatewere analyzed by SDS±PAGE. Gels were stained, destained, and
treated with 1 M KOH at 507C for 30 min prior to detection of kinase activity, indicating that the observed antibody af®n-
radiolabeled proteins by autoradiography. Kinase reactions using ity is not likely to be due to cross reactivity with these
poly(Glu/Tyr) (Sigma) as a phosphate acceptor contained 50 mM related kinases. Fyn kinase activity was not detected in
MgCl2, 0.5 mg/ml poly(Glu/Tyr) (4:1), and 100 mM [g-32P]ATP (4 equivalent amounts (protein) of sperm either before or after
mCi/mmol). Reaction products were spotted onto phosphocellulose treatment with egg jelly to induce the acrosome reaction
paper, washed in 10% TCA, and counted in a scintillation counter
(Fig. 1, lanes E and F). Phosphoamino acid analysis of the(Cheng et al., 1992). Reactions were performed with and without
59-kDa band from egg immunoprecipitates revealed that
phosphotyrosine was the only 32P-labelled phosphoamino
acid in the radiolabeled protein (Fig. 2).
2 Abbreviations used: EDTA, ethylenediaminetetraacetic; NP-40,
nonidet P-40; TCA, trichloracetic acid; SDS, sodium dodecyl sul- Effect of Fertilization on Fyn Kinase Activity
fate; PAGE, polyacrylamide gel electrophoresis; PMA, phorbol 12-
In order to determine whether the activity of the p59c-fynmyristate 13-acetate; Taps, 3-[tris(hydroxymethl)methyl] amino-
kinase was stimulated in response to fertilization, eggs werepropanesulfonic acid.
fertilized and allowed to develop to the two-cell stage while3 A generous gift from Dr. J. B. Bolen, Bristol-Meyers Squib Phar-
maceutical Research Institute, Princeton, NJ. aliquots were removed before and at different times after
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FIG. 1. Immunoprecipitation of p59c-fyn kinase from sea urchin
eggs. Sea urchin eggs collected 5 min postinsemination were solubi-
lized with NP-40 lysis buffer and aliquots of the extract were incu-
FIG. 3. Effect of fertilization on p59c-fyn kinase activity. Eggs werebated with anti-peptide G1 (A), anti p59c-fyn kinase serum JF3 (B),
fertilized and allowed to develop to the two-cell stage at 167C.anti-p59c-fyn peptide (TPQHYPSFGVTSIPNYN) serum (C), or anti-
Aliquots were removed before and at different times after fertiliza-p59c-fyn peptide serum / 1 mM free peptide (TPQHYPSFGVTS-
tion and p59c-fyn was immunoprecipitated with the anti-Fyn antise-IPNYN) (D) at a 1:200 dilution. Immunoprecipitates from S. purpu-
rum JF3 and assayed by autophosphorylation, and autophosphoryla-ratus sperm (lane E) or sperm treated with egg jelly (lane F) were also
tion was detected by autoradiography (A). The amount of Fyn pro-prepared using the anti-p59c-fyn peptide (TPQHYPSFGVTSIPNYN)
tein in the detergent extracts used for immunoprecipitation wasserum. The immune complexes were collected with protein A±
determined by Western blot analysis of each extract (50 mg protein)Sepharose and incubated in an autophosphorylation reaction con-
using an anti-Fyn antiserum (Santa Cruz Biotechnology) at a 1:1000taining [g-32P]ATP, then analyzed by SDS±PAGE, and treated with
dilution (B) or with control anti-G1 antiserum (C). The positionsalkali to hydrolyze P-Ser and P-Thr, and then radiolabeled proteins
of molecular weight standards are indicated to the left, and thewere detected by autoradiography.
times (in minutes) postinsemination are indicated at the top.
fertilization for immunoprecipitation of p59c-fyn kinase. Im-
detergent extract. Fertilization results in a biphasic increasemunoprecipitates were analyzed by autophosphorylation
in the rate of autophosphorylation of the Fyn kinase withassay (Fig. 3) under conditions in which phosphorylation
an initial, rapid increase in activity as early as 5 min postin-was linearly dependent on the amount of egg protein in the
semination followed by a period of slightly elevated kinase
activity between 30 and 120 min postinsemination. Similar
results were obtained with eggs from Lytechinus pictus.
Immune complex assays performed with both the JF3 anti-
body and the anti-Fyn peptide (TPQHYPSFGVTSIPNYN)
(Upstate Biotechnology Inc.) antisera gave qualitatively
similar results, although the JF3 antibody had a higher titer.
In order to rule out the possibility that the observed stimu-
lation of kinase activity might result from changes in the
amount or detergent solubility of the Fyn protein, Western
blot analysis was performed on the detergent-soluble ex-
tracts used for immunoprecipitation. The anti-Fyn poly-
clonal antibody from Santa Cruz Biotechnology recognized
a doublet in the 57- to 59-kDa range which comigrated with
FIG. 2. Phosphoamino acid analysis of p59c-fyn after autophosphor- the 32P-phosphoprotein (always present as a wide band) in
ylation. The autophosphorylated p59c-fyn protein from the experi- immunoprecipitates (Fig. 3B). The fact that two bands are
ment in Fig. 1 was blotted onto immobilon, the radioactive 59-kDa
resolved by Western blot may indicate partial proteolysisband was cut out and hydrolyzed in 6 N HCl, and the phospho-
or possible differences in the phosphorylation state of theamino acids were resolved by 2D thin layer electrophoresis at pH
Fyn protein. In any case, the amount of Fyn protein solubi-1.9 (bottom to top) and pH 3.5 (left to right). Radioactive phospho-
amino acids were then detected by autoradiography. lized at each point after fertilization did not increase sig-
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ni®cantly during the ®rst 120 min after fertilization
(Fig. 3B).
A more detailed analysis of the early time points during
the ®rst 2.5 min after fertilization is presented in Fig. 4. A
1% v/v suspension of eggs was inseminated with suf®cient
sperm (approx. 1:5000 dilution of ``dry'' sperm) to achieve
detectable fertilization envelope formation in 100% of eggs
as detected by light microscopy at 30 s postinsemination.
While slight stimulation of kinase activity was apparent
during the ®rst 2.5 min postinsemination in some experi-
ments, analysis of variance among all of the experiments
indicated that there was no signi®cant change in kinase
activity during this period.
While autophosphorylation assays provide a sensitive
measure of kinase activity, the phosphorylation rate in vitro
may depend on the phosphorylation state of the kinase
in vivo before immunoprecipitation. Therefore, we also
used poly(Glu/Tyr) as a substrate to more accurately quanti-
tate kinase activity (Cheng et al., 1992). As seen in Fig. 5,
p59c-fyn kinase activity increased approximately eightfold FIG. 5. Quantitation of p59c-fyn kinase activity. Immunoprecipi-
within 15 min postfertilization. After the initial phase of tates prepared at different points after fertilization with the anti-
kinase activation, a second phase occurred in which activity p59c-fyn peptide (TPQHYPSFGVTSIPNYN) serum, or with anti-G1
declined from the initial peak and was maintained at a lower antiserum as a control, were assayed for PTK activity using
level that was signi®cantly higher than that of the unfertil- poly(Glu/Tyr) as a substrate (see Materials and Methods). Values
ized egg. represent the average of three experiments { SE.
Effect of Parthenogenic Agents on Kinase Activity
In order to determine whether activation of p59c-fyn activ-
with the egg or was triggered by ionic or enzymatic eventsity was a direct consequence of the interaction of sperm
later in the signal transduction process, we used various
parthenogenic agents to activate the eggs and then moni-
tored changes in p59c-fyn kinase activity. The calcium iono-
phore A23187 is known to activate many of the calcium-
mediated events that normally occur in response to sperm
binding (Whitaker and Steinhardt, 1982), while NH4Cl can
induce an alkaline shift in cytoplasmic pH, thus triggering
many of the pH-regulated events of egg activation (Shen and
Steinhardt, 1979). As seen in Fig. 6, none of these partheno-
genic agents triggered the initial phase of kinase activation
that was induced by sperm, although A23187-treated eggs
had undergone the cortical reaction as evidenced by eleva-
tion of the fertilization envelope. Similar results were ob-
served when eggs were treated with the sperm protein bin-
din under conditions that caused agglutination of greater
than 50% of the eggs, or with soluble bindin at 50 ng/ml
(not shown).
While the initial phase of kinase activation was not trig-
gered by parthenogenic agents, the phorbol ester PMA did
FIG. 4. Detection of p59c-fyn kinase activity immediately after fer- stimulate kinase activity over a 60-min period to a level
tilization. Autophosphorylation assays were performed on p59c-fyn similar to that induced by fertilization at the 60- to 90-min
immunoprecipitates prepared from eggs within the ®rst 2.5 min time points. In the fertilized egg, protein kinase C activates
postinsemination using the anti-p59c-fyn peptide (TPQHYPSFGVTS- a Na//H/ exchange system which functions to elevate cyto-
IPNYN) serum. Immune complex assays were analyzed by SDS± solic pH from 6.8 in the unfertilized egg to 7.3, which is
PAGE and autoradiography. The relative incorporation of 32PO4 maintained after fertilization. This pH shift is of global im-
into the 59-kDa band was determined by digital scanning of the X-
portance to egg activation and regulates many of the laterray ®lm and band density was calculated using NIH-Image soft-
responses of the egg to fertilization. To determine whetherware. Values represent the average of three experiments { SE with
the effect of PMA involved the Na//H/ antiport system,the value obtained from unfertilized eggs arbitrarily set at 1.0. The
eggs were treated with PMA in sodium-free arti®cial seatimes at which the eggs were homogenized (in s postinsemination)
are presented at the bottom. water, and then kinase activity was measured as above.
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sponsible for the burst of tyrosine phosphorylation at fertil-
ization. Recent studies have identi®ed a homolog of the Abl
kinase in sea urchin eggs (Moore and Kinsey, 1994) and the
expression of the Src kinase in Xenopus oocytes is well
documented (Schartl and Barnekow, 1984; Steele et al.,
1989). In the present study, we have identi®ed p59c-fyn ki-
nase as one of the src family PTKs in the sea urchin egg.
This identi®cation is based on cross reactivity with three
independent antibodies, each of which is targeted to the
unique region of the p59c-fyn sequence. The p59c-fyn protein
did not react with antibodies against c-fgr, c-yes, or c-lck3,
indicating that the observed antibody af®nity is not likely
to be due to cross reactivity with these related kinases.
However, we have recently detected a c-hck-related kinase
in the sea urchin egg (unpublished results) and while the
JF3 antibody does not cross react with mammalian Hck, it is
dif®cult to rule out the possibility that sequence differences
between the sea urchin proteins and their mammalian
counterparts (against which these antibodies were raised)
would allow these closely related kinases to bind the anti-FIG. 6. Effect of parthenogenic agents on p59c-fyn kinase activity.
Fyn antibodies used in this study. While the p59c-fyn kinaseUnfertilized eggs were treated with (n) 5 mM A23187, (,) 5 mM
NH4Cl, (s) 100 nM PMA, or (h) 100 nM PMA in sodium-free sea has received the most study in the T-cell system, other
water. At different times after administration of the parthenogenic evidence for its expression in oocytes has been reported in
agents, p59c-fyn was immunoprecipitated with the anti-p59c-fyn pep- Xenopus laevis (Steele et al., 1990), indicating that mRNA
tide (TPQHYPSFGVTSIPNYN) serum, or with anti-G1 antiserum encoding this protein is expressed in oocytes of vertebrates
as a control, and kinase activity was measured using poly(Glu/Tyr) as well.
as a substrate. Values represent the average of three experiments The identi®cation of Fyn kinase in the egg provides a{ SE.
potential candidate for the 57-kDa protein kinase which we
have recently demonstrated undergoes extensive changes in
phosphorylation state in response to fertilization (Kinsey,
1995). However, the speci®city of the anti-G3 antibody usedUnder these conditions, the effect of PMA on kinase activ-
in this previous study is directed against a tyrosine kinaseity was not signi®cantly different in the presence or absence
consensus sequence and this work will have to be done withof sodium ions, indicating that the pH shift was probably
Fyn-speci®c antibodies to establish the effect of fertilizationnot involved in regulating this kinase during the second
on the phosphorylation state of the Fyn kinase.phase of its activation.
Fertilization had little effect on the total p59c-fyn kinase
activity during the ®rst 1±2 min after insemination; how-
ever, by 5 min kinase activity increased signi®cantly. The
DISCUSSION increase in p59c-fyn kinase activity was biphasic, with an
initial rapid stimulation representing an approximately
eightfold increase followed by a second phase of activationThe signal transduction mechanisms utilized during fer-
tilization are of interest because fertilization involves a during which activity remained two- to threefold higher
than that in the unfertilized egg. By the time of the ®rstcell±cell interaction as stimulus and because this interac-
tion triggers a mitogenic response as well as the execution mitosis, activity was reduced to a level similar to that before
fertilization. This result is somewhat different from the re-of a speci®c developmental program (Epel, 1989). Fertiliza-
tion results in increased tyrosine phosphorylation of several sponse of the p59c-fyn kinase in other systems such as the T
cell, where T-cell receptor crosslinking induced a threefoldegg proteins during the ®rst few minutes after sperm bind-
ing (Peaucellier et al., 1988; Ciapa and Epel, 1991; Abassi increase in activity as early as 30 s after addition of ligand
(Tsygankov et al., 1992), which declined slightly after 10and Foltz, 1994). Inhibitor studies have shown that PTK
activity is required for several aspects of egg activation such min of stimulation. In thrombin-treated ®broblasts, p59c-fyn
kinase activity was reported to increase ®ve- to sixfoldas pronuclear migration, initiation of DNA synthesis, and
mitosis (Moore and Kinsey, 1995; Wright and Schatten, within 1 min and then to return to basal values by 5 min
(Chen et al., 1994). Transient activation of p59c-fyn kinase1995). Therefore, the identity of the protein tyrosine kinases
that phosphorylate these proteins has been a major question within 1±2 min of stimulation has also been reported for
platelet activating factor treatment of B-cells (Kuruvilla etin this ®eld of research. While the sperm receptor is phos-
phorylated upon sperm binding, this protein has no kinase al., 1994). However, prolactin stimulation of a T-cell line
induced transient activation of p59c-fyn kinase with a muchactivity, so it is likely that the activity of nonreceptor ki-
nases such as the src or the abl families of kinases are re- slower time course, with activation occurring between 5
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and 20 min after stimulation of the cells, a situation which complex with p21rasGAP, possibly through an intermediate
SH3 binding protein, p62 (Weng et al., 1993).more closely resembles our ®ndings here (Clevenger and
Future studies examining the possible effect of inhibitingMedaglia, 1994).
p59c-fyn kinase activity as well as analysis of the interactionThe delayed response of p59c-fyn kinase to insemination
between the p59c-fyn kinase and its substrate proteins maysuggested that this kinase may act late in the egg activation
help explain the role of this kinase in egg activation.process and that it might be regulated by the ionic changes
in calcium or pH which regulate many aspects of egg metab-
olism. However, treatment of eggs with calcium ionophore
or NH4Cl under conditions known to activate the calcium- ACKNOWLEDGMENT
and pH-mediated events of egg activation had no effect
on the activity of the p59c-fyn kinase. This suggests that This investigation was funded by Grant NIH-HD 14846.
p59c-fyn activation is not a functional consequence of the
calcium transient or pH shift, but that it requires interac-
tion of the sperm with the egg. The observation that bindin
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